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(71) We, LiGHTVALE ELEcnacs Limi- 
ted, a British Company, of MuDion Cottage 
Bar Road, Helford Passage. Falmouth 
Cornwall, do hereby declare the mvention' 
for which we pray that a patent may be 
granted to us, and the method by which it 
IS to be performed, to be particularly des- 
cribed in and by the following statement: 

This invention relates to radio naviga- 
tional systems of the type m which a posi- 
tion line, for instance for a ship, is estab- 
l^hed by measurement of the difference in 
the tunes of travel to the ship or other 
craft of two radio signals produced by re- 
spective radio transmitters. It will be 
understood that the signals are received and 
the measurement made using a radio re- 
ceiver carried by the craft If a position 
tlx is required, a second position line is 
estabhshed using two other transmitters, 
or a mu-d transmitter in conjunction with 
one of the original two transmitters. The 
pomt of intersection of the two position 
Un^ then gives the position fix for the 
craft 

Systems of this type include the "Gee" 
system and the "Loran" system. Both are 
pulse systems and the mediod of measure- 
ment necessitates visual display of the pulses 
on an oscilloscope screen and subsequent 
ahgnment so as accurately to measure the 
tune mterval between their receipt A more 
recent system known as the "Loran C 
system differs only in that a lower frequency 
signal IS used and that a number of puls^ 
are transmitted instead of only one. Al- 
though Loran systems are in use, they have 
a number of drawbacks. In particular the 
receiver is complicated and expensive and 
aJso necessitates considerable skill on the 
part of the operator. This renders it eener- 
afly unsuitable for small marine craft. More- 
over for mshore work such systems are 
usually not sufficiently accurate. Another 
drawback is that a wide frequency band- 
width IS utilised necessitating accommoda- 
Uon of groups of transmitters on one fre- 
quency but at different pulse repetition 
ra tes. This limit s the number of groups of 



transmitters and complicates rec^tion 
Another well-known system is that known 
by the Registered Trade Mark "Decca" 
This systena operates by measuring the phase 
difference between continuous radio signals 
transmitted by respective transmitters. 
Complicated methods have to be used to 
prevent ambiguity of position which would 
otherwise occur due to the presence of the 
large number of wavelengths between the 
transmitters. Although widely used as it 
is extremely accurate, this system is even 
more expensive than the Loran systems. The 
smaller less bulky version as used in ahcraft 
would be suitable for smaU marine craft if 
It was not so expensive. 

According to the present mvention, in a 
radio navigational system of this type, that is 
to say for establishing a position line bv 
measurement of the difference in the tim^ 
rli^?^ "^^^'^ s^P^s produced by 

respective radio transmitters, the signals 
each have a frequency which repetitively in- 
creases from and decreases to, a basic fre- 
quency, at equal repetition rates, in such a 
manner that the instantaneous frequency 
difference between the transmitted signals 
has at any mstant a predetermined value, 
Fnr w ^as'^ frequencies being different. 
For instance the frequencies may repeti- 
tively mcrease and decrease in the manner 
ot respective saw-tooth waves. The receiver 
J^^K^l^^. ^^S®*''^ signals and. by cans- 
ing both signals to beat with one another to 
produce a heterodyne frequency, provides 
an mdication of the difference ii the timS 

?n th^?P* difference 
in the times of travel, and thus of the differ- 
ence between the distances from the re- 
ceiver to each transmitter. Accordingly this 
estabhshes a hyperboKc position line. Repe- 
tition of the procedure using another pair 
or a third transmitter establishes a second 
hyperbolic position line and the resulting 
point of intersection gives a position fix. 

No R^^R^^''''' ^f^tish Patent Specification 
Wo. 889,843 a system is disclosed m which 
two different carrier frequencies are ampli- 
tude modulated by signals having the sraie 
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sub-carrier frequency but fre^uengr-modu- 
lated by a commoa modulating frequency 
but with phase displacement, so that the 
information carried by the two <»mers con- 

5 sists of two signals which are the same 
except for a difference m phase. 

The present invention is distinguished 
from Nfarconi in that the 'basic frequency . 
which is 'the frequency which is frequency 

10 modulated to provide the i^tantoneous fre- 
quency difference', is a different frequency 
for the two transmitters. In Marcom the 
sub-carrier frequency which is frequracy 
modulated to provide the mstanteneous te- 

15 quency difference is the same for the two 

^^Tfa^^ySem has a number of important 
' advantages over existing sj^tenw. to rar- 
ticular the receivers can be simple and haice 
20 rdiable. They can be cheaply produc^ and 
Moreover sin^ they ^nay .^so be ample 
to operate, they ate admirab y smted foruse 
in small marine craft as weU as m aircnit 
Thev may be portable for instance and run 
25 S Lff-cLtailed batteries, ^thou^ Ae 
simolest form of receiver may be less accur- 
ate S a 'T>ecca" (R.T.M-) f^^A^ 
ficient accuracy for small marine oaft can 
obt^ed. More sophisticated r«:«iv^ 
30 ^ be provided where accuracy is more 
important than expense and size. 

Another particulariy important ad^nte^ 
of the system is that only, a very small fre- 
quency bandwidth is required. In ^ 
35 tPTt listing radio direction findmg (RJ3.F.) 
S£om^ be used as. the transmitters 
Sut iSerfering with their existmg ^- 
and wifli only a smaU or no m^e 
in their frequency bandwidth. It 
40 appreciated that the use of «5»stmg trans- 
Setters redices the cost of settmg up the 
Astern whUe the use of what are toUy 
eiistine transmission fiequencira is desirable 
due to the already overcrowded frequency 

'P^e" pfS-dple on which the my^n fe 
based ii best understood by considering as 
an example a receiver which measures and 
Jrovfd^^ indication of the heterodyne 
50 Wency. for instance on a scale cahbr^^^^ 
m arbitrary units correspondiufe to similarly 
de^Saited position lines on fte relevant 
chart. This frequency is dependent on Ae 
difference between the frequenaes of tte 
55 two signals received by the receiver. For 
Sstan<S^if one transmitter was to produce a 
signal having a steady frequency of lOU 
K thi other 99.2 KHz the hetero- 
dyne frequency measured by the receiver as 
60 a result of these two s^als beating to- 
gether would be 800 Bz. From th^ it can 
le seen that if the frequencies of both sig- 
nals are increased or reduced simultaneously 
and at the same rate so as to maintam the 
65 same frequency difference between the trans- 



mitted signals. i.e. 800 Hi. .the measured 
heterodyne frequency remains 800 tiz- 
provided that the signals are received simul- 
taneously. As. however, electroma^etic 
radiation travels at a fimte speed (186.000 70 
maes/sec.) the signals, although transmitted 
sunultaneously. are only received simul- 
taneously if the receiver is equidistant from 
the two transmitters. If the receiver is 
nearer one transmitter than the other, the 7i 
difference in frequency of tiie received sig- 
nals. Le. the heterodyne frequency, is either 
ereater than or less than the difference m 
lequency of the transmitted signals, i.e. 
800 Hz., due to the difference between the 80 
periods taken by the signals to reach the 
recehrer. Hence, from the value of the 
heterodyne frequency measured ^ the re- 
ceiver, a position line for the craft may be 
established. 

Reference to Figures la and lo the 
acccmpanymg drawings exemphfies the fore- 
eoSg. to Fteure la a transmitter located at 



eomz. Jul riguns lu a. ii.€i^^^---~ . 

Position A commoices transmitting a signal 
K fcequency of 100 KHz. which increases 90 
ItaJkS^ver a period of 0-005 seconds to a 
freauOTCV of 100.5 KHz. at which mstant it 
Ste^eously drops to 100 KHz. fd then 
repeats the cycle, as designated by A ai 
^T^Fiaire 16. Simultaneously with the 95 
Sansmitter at A starting to transmit, a 
^nd transmitter located .at pof wn B 
commences transmitting a signal of a ire- 
S^of 99.2 KHz. which increases im^y 
over the same period of time to 99 7 HEfe. iw 
at which instant it histantaneously dxo^ to 
99.2 KHz. and then agam repeats Ae cycte 
This signal is designated B at B . ine 
two tralismitters are considered as located 
1^6 miles apart for easeof calculation A 105 
receiver lying on a line CD eq^^stant fram 
the transmitters receives over each succes- 
sive period of 0.005 second two Signals 
differ^ in frequency by 800 Hz. How- 
S^r the receiver instead of bemg equi- HO 
distiit from the transmitters, is located 
nearer to the transmitter A than to tiie trans- 
mUter B. tiie eariier receipt of the signal 
torn the transmitter A and the later receipt 
o?Se siial from the transmitter B me^ "5 
that tiie starts of the two signals at the be- 
dnnina of each period is not received simul- 
tkneouily. Instead tiie start of the signal 
KThJ transmitter A arrives first foDowed 
by that from the transmitter B. By. tiie 
tike the start of tiie latter signal is receiv^. 
the frequency of the si^ has 

risen above its startmg value of 100 Kliz. 
Accordingly tiie difference ^ f5g»=°«»^ 125 
at tiie receiver is no longer 800 H^«"t a 1^ 
oreater value dependent on the difference 
between tiie distances from die receiver to 
the two transmitters. The maximum v^e 
is 900 Hz. which occurs when flie receiver 
is located at the transmitter A. 
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For instance the frequency difference may 
be 850 Hz. Calculation shows that this 
corresponds to the receiver being 93 miles 
nca,rer to the transmitter A than to the trans- 
5 mitter B. Compared with the equidistant 
position, the start of the signal from trans- 
mitter A is 0.00Q25 seconds earlier and that 
from transmitter B 0.00025 seconds later 
giving a total difference in start time of 
IQ 0.0005 seconds which corresponds to 850 
Hz. Accordingly the heterodyne frequency 
of 850 Hz. indicated by the receiver shows 
that the receiver is located on a line which 
is 93 miles nearer to the transmitter A than 
15 it is to the transmitter B and it follows that 
this line is a hyperbola. Naturally if the 
heterodyne frequency is less tlian 800 Hz., 
the receiver must be nearer to the transmitter 
B than to the transmitter A. The minimum 
20 frequency is 700^ Hz. which occurs when the 
receiver is located at the transmitter B. As 
already mentioned, at the end of each 0.005 
second period, the frequencies of the two 
signals retum instantaneously to their start- 
25 ing values from which they again linearly 
increase. Accordingly each transmitter pro- 
duces a signal which repetitively sweeps 
through a frequency bandwidth of 500 Hz. 
at a repetition frequency of 200 Hz. 
30 It can be seen from this example that the 
position line of tiie receiver is indicated by 
a particular heterodyne frequency. Hyper- 
bolic position lines, as shown in Figure la, 
corresponding to particular heterodyne fre- 
35 quencies may be over-printed on charts for 
various transnuttets. 

In practice owing to the different signal 
strengths of the received signals dependent 
princii^lly upon the relative distances of the 
^ transmitters from the recover, it is in most 
cases desirable to receive the signals separ- 
ately so that they can subsequently be 
brought for instance by A.V.C to a closer 
level to one another. This can be carried 
out if one of the following conditions 
exists: — 

A. One frequency is approximately a 
multiple of the other (e.g. approxi- 
mately 50 KHz. and 100 KHz.). 

30 B. The frequencies have a common sub 
multiple (e.g. approximately 100 
KHz. and 150 KHz. with a common 
sub multiple at 50 KHz.). 
C. The frequencies have a common 

55 multiple (e.g. approximately 100 

KHz. and 80 KHz. having a common 
mulUple of 400 KHz.). 

In the above cases, frequency multiplying 
or dividing circuits may be employed to 
60 obtain the necessary heterodyne frequency. 

However, it is often not convenient to use 
frequencies related in any of these ways. 
Under these circumstances, it is usually 



necessary to employ superheterodyne cir- 
cuits in the receiver to convert the f requen- 65 
cies to a common frequency. In such a 
receiver the locaroscillator frequencies must 
be accurate, the degree of accuracy depend- 
ing niainly on any frequency multiplication 
which may be carried out in the receiver, as 70 
is discussed later. Otherwise an incorrect 
heterodyne frequency will be produced. In 
addition any drift in either of the local oscil- 
lator frequencies results in the heterodyne 
frequency changing and thus an incorrect 75 
position line. This can be avoided by using 
local oscillators having extremely accurate 
and stable frequency characteristics. How- 
ever, this renders the receiver expensive. 

The preferred way of overcoming this 80 
problem is for each transmitter to produce 
a signal having a frequency which, in addi- 
tion to repetitively increasing and decreas- 
ing as already described, over other periods 
has a constant frequency different from that 85 
of the other signal. In other words, the 
frequencies over one period are both con- 
stant and over another period repetitively 
increase and decrease, the periods for ex- 
ample each having a duration of half a 90 
second. A receiver for use in such a system 
includes two superheterodyne radio receiv- 
ing channels, an adjustable delay arrange- 
ment for adjustably delaying the signal from 
one of the channels, a mixer for causing 95 
the signal from the delay arrangement and 
from the other channel to beat with one an- 
other to produce a heterodyne frequency, 
and an indicating arrangement having a first 
indicator for indicating whether the heter- 100 
odyne frequency remains constant and a 
second indicator controlled by the delay 
arrangement for providing an indication of 
the delay when the heterodyne frequency re- 
mains constant. The receiver is operated by 105 
adjusting the delay arrangement until the 
first indicator, preferably a loudspeaker, in- 
dicates that the heterodyne frequency re- 
mains constant from period to period where- 
upon the second indicator is then read. 110 
When so adjusted, the heterodyne frequency 
produced from ihe repetitively increasing 
and decreasing frequencies is equal to the 
heterodyne frequency produced from the 
constant frequencies. The latter heterodyne 115 
frequency is unaffected by the position of 
the receiver in relation to the transmitters 
and hence serves as a reference for the 
other heterodyne frequency which, it will 
be understood, is made equal to it by delay- 120 
ing one of the signals in the receiver. The 
magnitude of the delay required for equality, 
as represented by the indication ^ven by the 
second indicator, is indicative of the posi- 
tion line for the receiver. It is particularly 125 
important to note that since the frequencies 
are being compared with one another, any 
variation in either of the local oscillator 
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frequencies affects the heterodyne frequen- 
cies produced as a result of the constant 
frequency and increasing and decreasing fre- 
quency portions of the signals to an equal 
5 extent Thus such variations are relatively 
unimportant Accordingly cheap local oscil- 
lators may be used in such a system. 

Another problem is that of obtaining 
accurate position information while utihsing 
10 only a narrow frequency bandwidth. This 
may be overcome by employing separate 
frequency multiplication circuits in the re- 
ceiver, as indicated previously, for multi- 
plying the frequencies of tha two signals 
15 prior to beating the signals together. This 
results in a greater heterodyne frequency 
range for a given distance and bandwidth, 
that is the width of the frequency band 
through which the signak repetitively sweep. 
20 The ideal radio navigational system to 
be introduced into an already congested 
frequency spectnun would be one requiring 
very little or no additional frequency space. 
A particularly important feature of the in- 
25 vention is that by using existing transmitters 
such as marine and aircraft radio beacons 
and Consol beacons already existing in this 
and various other countries for radio direc- 
tion finding, this can be achieved. 
30 In the case of marine beacons around the 
coast of this country, a signal of constant 
frequency between 285 and 315 KHz, is 
produced for a period of 25 seconds, in 
most instances once every six minutes. This 
35 25 second period forms part of a one minute 
transmission period also including identifica- 
tion signals identifying the beacon. Accord- 
ing to the form of the system now to be 
described, at least two of these beacons are 
40 modified so that over alternate half seconds 
periods within some part of the minute 
period, for instance within the 25 second 
period, they transmit respectively their nor- 
mal non F.M. (frequency modulated) sig- 
45 nals followed by the repetitively increasing 
and decreasing frequency signals, subset 
quently referred to as the F.M. signals. This 
form of transmission will now be described 
by way of example with reference to Figures 
50 la and 26 of the accompanymg drawings. 
Each of the two beacons, which for ease 
of calculation arc assumed to be 186 miles 
apart (in practice the beacons are in most 
cases closer than this), transmits half second 
55 periods of the F.M. signal and the non F.M. 
agnal alternately. Each signal is generated 
at its respective beacon, one of which will 
be referred to as the "master" beacon smce 
the signal transmitted by the other is syn- 
60 chronised to it. This other beacon is there- 
fore referred to as the "slave" beacon. 

In the case of the master beacon, follow- 
ing transmission of an identification signal a 
non F.M. signal of 300 KHz. is transmitted 
65 for half a second after which the 



F.M. signal is transmitted for half 
a second followed by the non F.M. 
signal again and so on. The F.M. signal 
starts with a frequency of 299.9 KHz, and 
rises linearly over a period of 0.005 seconds 70 
to 300.1 KHz., after which the frequency 
instantaneously drops to 299.9 KHz. £md 
repeats the linear increase. Thus the F.M. 
signal has a repetition frequency of 200 
Hz. For purposes which will become appar- 75 
ent, the slave beacon signal is delayed in 
comparison with the signal from the ntiaster 
beacon. Since the two beacons are spaced 
apart by 186 miles, a convenient dday to 
adopt is 0.001 second. In a similar manner 80 
to the master beacon following trans- 
mission of an identification signal the slave 
beacon transmits a non F.M. signal of 308 
KHz. for a period of half a second and then 
transmits the F.M. signal over the next half 85 
second . period after which the non F.M. 
signal is transmitted for half a second, and 
so on. The frequency of the F.M. signal 
increases from 307.9 KHz. in a linear man- 
ner to 308.1 KHz. over a period of 0.005 90 
second. The frequency then decreases in- 
stantaneously to 307.9 KHz. after which the 
linear increase is repeated. 

Reference should now be made to Figure 
let in which the receiver is shown schematic- 95 
ally. It includes two channels, namely a 
master channel for receiving the signals 
from the master beacon and a slave channel 
for receiving the signals from the slave 
beacon. Each channel includes a respective 100 
superheterodyne receiver unit That in the 
master channel has one or more R.F. stages 
1, a mixer 2, a crystal controlled oscillator 
3. and an I.F. stage 4. That m the slave 
channel is similar having one or more R.F. 105 
stages 5. a mixer 6, a crystal controlled 
oscillator 7, and an I.F. stage 8. Each re- 
ceiver is provided with automatic gain con- 
trol so that it can receive a wide range of 
signal strengths without manual adjustment. 110 
The signal from the receiver unit in the 
master channel is applied to a continuously 
variable ultrasonic delay line 9. The delay 
which this imparts to the signal can be ad- 
justed by a delay adjustment 10 havmg a 115 
calibrated dial on which the delay is indi- 
cated. The delayed signal is subsequently 
applied to a frequency multiplying circuit 11 
where the frequency is multiplied by thirty 
two tunes. The signal from the receiver 120 
unit in the slave channel is apphed direct to 
a similar frequency multiplymg circuit 12 
where the frequency is also multiplied 32 
tunes. Both s^als are then applied to a 
mbcer 13 in which they beat with one an- 125 
other to produce a heterodyne frequency 
equal to the difference between their fre- 
quencies. This heterodyne frequency is ap- 
plied to an A.F. amplifier 14 where it is 
amplified and applied to a loudspeaker 15 130 
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and to a frequency meter 16. The pointer 
of the latter indicates a special mark in re- 
sponse to a predetermined frequency, in 
fact 1.5 KHz. as explained later. 
5 The receiver is operated as follows. 
Following tuning and receipt of the indenti- 
fication signals, if the note produced by the 
loudspeaker 15 as a result of the alternate 
F.M. and non F.M. signals has two different 
10 audible frequencies over successive half 
second periods, or if the pointer on the 
meter 16 moves between two different posi- 
tions during alternate half second periods, 
the delay adjustment 10 is adjusted until a 
15 continuous note is given and the meter 
pointer remains stationary on the mark. 
With the receiver so adjusted, the difference 
m the times of receipt of the two signals 
from the transmitters is indicated on the 
20 calibrated dial of the delay adjustment 10. 
It will be appreciated that the dial may be 
calibrated in arbitrary units corresponding 
to sunilarly designated position lines on the 
relevant chart Thus, from the reading on 
25 the dial, the position line for the recdver is 
established. 

It will be assumed that the receiver unit 
m the master channel has «ui intermediate 
frequency of 465 KHz. Since the frequency 
30 of the non F.M. signal transmitted by the 
master beacon is 300 KHz., the oscillator 
3 is arranged to have a frequency of 165 
KHz. A suitable frequency for the signal 
produced by the loudspeaker 15 is 1.5 KHz. 
35 It will be appreciated that this is a hetero- 
dyne frequency resultmg from the mixmg 
or beating together of the two signals from 
the frequency multiplying chrcuit 11 and 
12. With an intermediate frequency of 465 
40 KHz. in the master channel and a hetero- 
dyne frequency of 1.5 Klfe. after frequency 
multiplication by 32, it can be shown that 
the intermediate frequency of the signal in 
the slave channel must be 464.953125 KHz. 
45 Since the slave beacon produces a non F.M 
signal having a frequency of 308 KHz., the 
oscillator 7 should have a fiequencv of 
156.953125 KHz. ^ 

Reference, should now be made to Figure 

-5" 2b whidi shows the variation with time of 
the intermediate frequencies over the end of 
a non F.M. signal period and the beginning 
of a F.M. signal period. It can be seen 
that the I.F. of the non F.M. signal from 

3:> the master beacon is 465.000000 KHz. while 
the I.F. of the non F.M. signal from the 
slave beacon is 464.953125 KHz. At an 
instant indicated as time zero, the signal 
from the master beacon instantaneously 

60 commences its half second F.M. period, 
droppmg to a frequency of 464.900000 KHz. 
and over the next 0.005 second period lin- 
early mcreasing to a frequency of 
465.100000 KHz. At the end of this period 

03 It mstantaneously drops to 464.900000 KHz. 



and subsequently repeats the linear increase 
and so on until the end of the half second 
period. The signal from the slave beacon 
remains at its non F.M. frequency until a 
period of 0.001 seconds has elapsed from 70 
time zero. It then commences its half second 
F.M, period by decreasing to a frequency of 
464.853125 KHz. and over the next 0.005 
seconds increasingly linearly to a frequency 
of 465.053125 KHz. whereupon it decreases 75 
instantaneously and repeats the linear in- 
crease and so on until the end of the half 
second period. At the end of both half 
second periods, the non F.M. signals are 
transmitted for further half second periods, 80 
foUowed by the F.M. signals and so on. 

When the non FM, signals are being 
transmitted, the heterodyne frequency pro- 
duced by the loudspeaker is (465.000000— 
464.953125 KHz.)x32=1.5 KHz. During 85 
the following half second period, the fre- 
quency of the heterodyne signal depends on 
the position of_the receiver relative to the 
two transmitters. For example, if the re- 
ceiver is at the master beacon, the frequency 90 
of the signal received from this beacon at 
any instant is given by the line designated 
"master at master beacons" while the fre- 
quency of the signal received from the slave 
beacon at any mstant is given by the line 95 
designated "slave at master beacon.'* It can 
5^ seen that the instantaneous frequency 
dmerence at the receiver is the vertical 
difference between these two lines which is 
126,875 Hz. If the receiver is located at the 100 
slave beacon, it can be seen that for the 
^ne reasons, the frequency difference is 
46.875 Hz, Between these two positions, the 
frequmcy difference varies between 46.875 
and 126.875 Hz. After inultiphcation by 105 
32 m the frequency multiplying circuits, the 
total range of frequency difference is 2560 
Hz. This corresponds to the 186 miles be- 
tween the transmitters and accordingly the 
frequ^cy difference varies by approximately 110 
14 Hz. per mile along a straight line joining 
the beacons. 

It can be seen from this that the note pro- 
duced by the loudspeaker 15 varies between 
1.50 KHz. and 4.06 KHz. depending on the 115 
position of the receiver and on the delay 
adjustmrat 10. As already explained, the 
receiver is adjusted by adjustment of the 
delay adjustment until what is to the ear a 
contmuous note, i.e. over successive half- 120 
second periods and which has a frequency 
of 1.5 KHz., is produced by the loudspeaker 
15. Reference to Figure 2b shows how 
delaying the signal in the master channel by 
up to 0.002 seconds enables this note to be 125 
produced at any position of the receiver 
between the two beacons. It can be seen 
that if it is necessary to delay the signal 
from the master beacon by the maximum 
amount, the receiver must be located at the 130 
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master beacon while if it is not necessary tQ 
delay the signal at all. the receiver must be 
located at the slave beacon. 

As already explained, one mile along a 
5 straight Ime joining the two beacons is rep- 
resented by a change of frequency of about 
14 Hz. Most people can discern a differ- 
ence in fireqimcy of less than half this 
amount and nence using the loudspeaker, a 

40 position line can be established to within 
less than half of one mile. By means of the 
meter 16, it is possible to improve on this 
since the meter can be armnged to indicate 
smal frequency differences in this region, 

15 that is approxunately 1.5 KHz. 

The preceding description has explained 
how a position line can be established by 
obtaining an indication of the value of the 
heterodyne frequency, either by directiy 

•20 measuring it or preferably by measuring the 
delay to one of the received signals neces- 
sary to give the heterodyne frequency"a.pre- 
determined value. Another form of the 
system will now be described. ^ In tMs the 

?S frequency sweeps of the transmitted signalSi 
that is the repetitive frequency increases and 
decreases, have their phase displacement 
slowly and cyclically altered, preferably over 
a lengthy period for example the 25 second 

3.0 period previously mentioned, also in such 
a manner that me instantaneous frequency 
difference between the transmitted signals 
has at any instant a predetermined value. It 
can be seen that at die receiver the fre- 

3§ quency sweeps together with the slow alter- 
ation of phasing of the sweeps causes the 
heterodyne frequency to vary and at any 
instant is dependent on the position of the 
receiver at that instant and ihc difference in 

40 the phasing of the two signals at that in- 
stant. Prior to the start of this alteration of 
phasing, short constant frequency signals to 
produce a constant frequency heterodyne 
signal for use as a reference signal may be 

45 transmitted. The time which elapses be- 
tween the end of this reference signal and the 
production of a predetermined heterodyne 
frequency is dependent on the position of 
the receiver. A timer may be provided to 

50 time this period and may conveniendy in- 
clude a trl^er circuit or relay whidh is 
set in operation when the reference signal 
ceases and which is stopped by the produc- 
tion of the predetermined heterodyne fre- 

55 quency. A hyperbolic position line can thus 
be established from the reading on the timer. 

The presence of a timer in the receiver 
is naturally an added complication. This 
may be eliminated resulting in a simpler and 

€0 cheaper receiver if the transmitter signals are 
modified in a manner similar to that already 
described with reference to Figures 2a and 
2h, that is by making each signal have over 
alternate periods a constant frequency differ- 

65 ent from that of the other signal and the 



varyiug phase displacement just described. 
The constant frequencies produce a constant 
frequency heterodyne frequency. The re- 
ceiver instead of including a timer includes 
an indicatory preferably a loudspeaker, for 70 
indicating any frequency difference in the 
heterodyne frequency produced in succes- 
sive periods. The system is arranged to 
operate such that the number of discrete 
s^als produced by the indicator from a 75 
reference instant until the frequency differ- 
ence is substantially zero ^ves die neces- 
sary information for the position line. 

This fonn of system is more easily under- 
stood by considering an example, for which 80 
purpose reference should be made to Figure 
3a of the accompanying drawings. Con- 
sider each of two transmitters to transmit a 
signal having a constant frequency, referred 
to as the non F.M. signal, over alternate 85 
half -second periocfc and over the intermedi- 
ate half-second periods to transmit the FM. 
signal. In the case of the latter, the time 
lag between the start of the F.NL sweep of 
the si^ial from one transmitter and the start 
of the F.M. sweep of the signal from the 
other transmitter is decreased by an equal 
step each half-second F.M. signal period. 
In the receiver, which has a loudspeaker as 
the indicator, a heterodyne frequency audio 95 
signal shown in Figure 3a as having a fre- 
quency of 1.5Q KHz, is produced for half a 
second from the non F.M. signals followed 
by a half second heterodyne frequency audio 
signal from the FM. signals and so on al- 100 
temately. TTie latter signal has a different 
audio note than that from the non F.M. 
signals and varies in 0.05 KHz. steps from 
a frequency hig;her than 1.50 KHz. over 
alternate half second periods due to the 105 
change in phasing of the frequency sweq>s 
until the audio notes in successive periods 
become equal or similar to one another, 
after which the audio note frequency de- 
creases below 1.50 KHz. The number of 110 
half second periods of varying heterodyne 
frequency which elapse from the beginning 
of the phase displacement cycle to this in- 
stant, shown as five in the Figure, are 
counted by the operator by listening to the 115 
notes produced by the loudspeaker. By 
arranging for a sufficient number, for in- 
stance fifty two,, to elapse over a sufficient 
period of tmie, for instance fifty two seconds, 
a reasonably accurate indication of the posi- 12Q 
tion line is obtained. The greater the num- 
ber of steps and the smaller they are, the 
shorter is the distance represented by each 
step and the greater the accuracy. 

In order to assist in distinguishing be- 125 
tween the different heterodyne frequencies 
and to give improved accuracy, a frequency 
meter responding to the heterodyne fre- 
quency may be employed in addition to or 
instead of the loudspeaker. The meter 13Q 
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Eointer alternates between the F.M. signal 
'equency and the non F.M. signal fre- 
quency. Observation of this indicates when 
the heterodyne frequencies are equal or 
5 similar to one another since when this occurs 
the pointer reaches a position during an 
F.M. signal period equal to or just beyond 
respectively, tiiat of a non F.M. period. As 
with the loudspeaker the number of counts 
10 to reach this is noted. Moreover the degree 
by which the pointer exceeds the non F.M. 
position in this F.M. period represents the 
fraction of the count above the total num- 
ber of counts. Measurement of this fraction 
15 establishes the position line wiUi increased 
accuracy. 

In the form of system described with refer- 
ence to Figure measurement of Ac frac- 
tion may be difl&cult and inaccurate. More- 

20 over if the transmitters are RJD.F. beacons, 
the transmission time available may be rela- 
tively short thus restricting the possible 
number of counts. These difficulties may be 
overcome by improving on the method of 

25 estimating the fractional part of the count. 
For this purpose the heterodyne frequency 
product as a result of the non F.M. signals 
is arranged to alternate between two dSSer- 
ent frequencies separated by a frequency 

30 difference equal to the frequency step in the 
heterodyne frequency between successive 
periods of the F.M. signals. The receiver 
again includes a meter which indicates the 
fraction of the heterodyne frequency step 

35 occurring after the last count. A system 
operating in this way will now be described 
by way of example with reference to Figures 
3b and 3c of the accompanying drawings. 
It should be remembered that the system 

^ exemplified by these two Figures is funda- 
mentally similar to that described with refer- 
- ence to Figure 3a, However, the constant 
frequency heterodyne frequency alternates 
between 1.45 KHz. and 1.50 KHz. The 

4^ frequency difference between these frequoi- 
cies is 0.05 KHz. which is equal to the 
frequency steps in the heterodyne frequency 
produced by the F.M. signals. As just 
mentioned, the receiver includes a frequency 

50 nieter which is schematically illustrated in 
Figure 3c. The position A on the scale is 
shown as 1.0 and is the reading indicated by 
the meter pointer in response to a frequency 
of 1.50 KHz. The position B on the scale 

55 is shown as 0.0 and is the reading indicated 
by the meter pointer in response to a fre- 
quency of 1.45 KHz. The scale is Hnearly 
calibrated in ten divisions from 0 to 1.0 as 
shown. 

60 While operating thei receiver, it may be 
necessary to adjust one of the local osciK 
lators so tliat \h& meter pointer indicates 1.0 
during the 1.5 KHz. heterodyne frequency 
.period and to adjust the sensitivity of the 

65 meter to read 0.0 during the 1.45 KHz period. 



The receiver is then operated in the manner 
described with reference to Figure 3a, that 
is the number of half second periods of vary- 
ing heterodyne frequency which elapse from 
the beginning of the F.M. signals are coun- 70 
ted During this time the meter pointer 
moves in steps between an off-scale position 
to the left of A corresponding to the F.M. 
signals, then to the position B corresponding 
to the 1.45 KHz. signals, then again to an 75 
off-scale position, then to A corresponding 
to the 1.5 KHz. signals. Eventually during 
an FM. pmod it enters part of the scale 
to the left of the calibration portion and 
finally enters the calibrated scale between 80 
A and B, this corresponding to the half- 
second period C in Figure Zl>, and gives a 
reading on the scale as shown at C in Figure 
3c. The number of varying heterodyne fre- 
quency periods at this instant is an indica- 85 
tion of the position line, as described with 
reference to Figure 3a. The reading indi- 
cated by the pointer on the calibrated scale 
during this half second period shows the 
fraction of one of these periods. This frac- 90 
tion which is 0.5 as shown in Figure Zb and 
3c is thus added to the count thus making 
it 5.5 iu the example. 

A receiver operating in the way just des- 
cribed may be very simple indeed and con- 95 
sist of no more than the receiver shown 
in Rgure 2a without the delay line and the 
delay adjustment but with a moidified fre-, 
quency meter as just described. Such a 
receiver has the very great advantage that lOO 
approximate positions can be obtained with- 
out any very great care merely by counting 
the audio signals. More accurate positions can 
be obtained by the use of the meter as des- 
cribed. The most significant advantage is 105 
the sheer simplicity of the receiver which 
requires no calibration whatsoever. All the 
required accuracies are produced by the 
transmitters. It is estimated that such re- 
ceivers may be sold for a sum not exceeding 1 in 
£75, iiy 

The design of a system in accordance 
with the invention is depmdent upon many 
factors, a number of which are listed below: 

1) The frequencies of the signals pro- 115 
duced by the transmitters. 

2) The difference in frequency of the 
signals produced by the transmitters. 

3) The frequency bandwidth (alteration 

of frequency during transmission) of 120 
each transmitter. 

4) The repetition frequency of the fre- 
quency variation of the transmitters. 

5) The wave-form of the frequency vari- 
ation (saw tooth, triangular etc.) for 125 
each transmitter (they may not be 
similar). 

6) The time interval (if any) between 
the start of a cycle of frequency vari- 
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ation of one transmitter and that of 
the other. 

7) The distance between transmitters, 

8) Whether a time sharing system for 
5 different pairs of transmitters is em- 
ployed (dependent upon some of the 
above). 

9) Whether simultaneous operation of 
more than one pair of transmitters is 

10 used to give simultaneous but differ- 

ent heterodyne frequencies. 
10) Whether any one transmitter is 
paired with more than one other 
transmitter. 

15 11) Whether the system operates with 
more than one set of variables as set 
out above, so_ as to ^ve fine and 
coarse accuracies. 
12) Whether any of the above factors (1) 

20 to (6) are altered during transmission. 

It is possible (particularly for hi^ radio 
frequencies) to modulate the radio frequency 
(which in this instance may be of any fre- 
quency provided it is n^iny times higher 

25 than the modulation frequency) at the fre- 
quendies suggested in the examples given. 
K at the receiver the radio frequencies re- 
ceived are rectified or detected in the con- 
ventional manner as for reception of modu- 

30 lated radio frequencies, then one is again 
in possession of the incoming frequencies as 
indicated in the examples given. These sig- 
nals may then be used in exactly the same 
way as described for the received signals in 

35 the examples. 

As already indicated, a coarse/fine 
method of position finding may be em- 
ployed, the system first oijerating with a 
low repetition frequency giviag the position 

40 with coarse accuracy and subsequently witii 
fine accuracy using a higher repetition fre- 
quency. In general the heterodyne fre- 
quenaes should be at least five times the 
repetition frequency since otherwise it is 

45 difficult to measure the heterodyne fre- 
quency. 

Generation of the transmitter signals may 
be mechanical. A disc havmg holes or slots 
equal to the number of cycles to be trans- 

50 mitted and with appropriate spacing be- 
tween these holes or slots may be rotated 
so that a beam of light is projected through 
each hole to a photoelectric cell. The signal 
from this may be applied to an amplifier, the 

55 signals for transmission being produced in 
this way. A very high d^ee of accuracy 
in the speed of rotation inay be obtained by 
using a synchronous driving motor fed from 
an accuratdy controlled frequency derived 

60 (after suitable frequency division) from a 
crystal. This produces both accuracies of 
repetition and transmitter frequencies. The 
actual frequencies and change of frequency 
are controlled by the pitch of the holes. 



A preferable method of generation of the 65 
transmitter signals is by entirely electronic 
means. A very accurate F.M. signal centred 
on say 2 KHz. is mixed with the transmitter 
signal less than 2 KHz. The result contains 
signals of the required frequency which 70 
may be separated out by filtering. The 
generation of the 2 KHz. F.M. signal may 
be achieved by a conventional voltage con- 
trolled variable frequency oscillator driven 
by a voltage having a saw-tooth wave-form. 75 

Initial and periodic synchronisation of the 
signals may be achieved either by the use 
of an independent transmission taking place 
for example once per day, so as to syn- 
chronise (or check the synchronisation and 
correct same) the required relative com- 
mencements of the two wave-forms. Main- 
tenance of synchronisation during the inter- 
vening period can satisfactorily be achieved 
merely by the use of high accuracy f r^uency 
standards. A variation of not exceeding two 
parts in 10* per day can now be acmeved 
at no very great cost. 

An alternative method of obtaining initial 
synchronisation is to receive the signal trans- 90 
nutted by one transmitter and adjust the 
phasing of the other signal until such time 
as the correct position signal is received, for 
example at or near to the second trans- 
mitter. A similar method may be used to "5 
c^eck the accuracy of synchronisation and 
the quality of the signals at any time. 

WHAT WE CLAIM IS: — 

1. A radio navigational system for estab- 
lishing a position line, comprising two radio 100 
transmitters producing respective radio sig- 
nals each having a frequency which repe- 
titively increases from and decreases to. a 
basic frequency at equal repetition rates in 
such a manner that the instantaneous fre- 105 
quency difference between the transmitted 
signals has at any instant a predeter- 
mined value, the two b£isic frequencies 
being different, and a radio receiver tuned 

to receive both signals and which, by caus- HO 
ing both signals to beat with one another 
to produce a heterodyne frequency, provides 
therefrom an indication of tiie d&erence in 
the times of travel of the two signals and 
thereby of the position line. 115 

2, A radio navigational system for estab- 
lishing a position Ime, comprising two radio 
transmitters producing respective radio sig- 
nals each of which, over alternate periods, 
has a constant frequency different from that 120 
of the other signal and a frequency which 
repetitively increases and decreases in such 

a manner that the instantaneous frequency 
difference between the transmitted signals 
has at any instant a predetermined value, 125 
the frequencies of increase and decrease 
being the same for the two signals, and a 
radio receiver including two superhetero- 
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dyne radio receiving channels each receiv- 
ing one of the signals, an adjustable delay 
arrangement by which one of the two re- 
ceived signals is delayed, a mixer causing 
the delayed and the other signal to beat with 
one another to produce a heterodyne fre- 
quency, and an indicating arrangement hav- 
ing a first indicator indicating whether the 
heterodyne frequency remains constant from 
period to period and a second Indicator 
controUed by the delay arrangement and 
which, when the heterodyne frequency re- 
mams constant from period to period, pro- 
vides an indication of the dif[erence in the 
times of travel of the two signals 
and thereby of the position Ime. 

3. A radio navigational system accord- 
ing to claim 2 m which the first indicator 
IS an electroacoustic transducer operating 
m response to the heterodyne frequency. 

4. A radio navigational system accord- 
ing to clami 2 or 3 in which the adjustable 
delay arrangement includes an ultrasonic 
delay hue. 

5. A radio navisatiooal system according 
to claim 4 m which the receiver is substan- 
tially as described with reference to and as 
lUustrated in Figure 2a of the accompany- 
mg drawmgs. ^ ^ 

6. A radio navigational system for estab- 
lishing a position line, substantially as des- 
cribed with reference to and as illustrated 
drawm^^^ 2a and 2b of the accompanying 

7. A radio navigational system for estab- 
lishmg a position line, comprismg two radio 
transmitters producing respective radio sig- 
nals havmg different basic frequencies whidi 
repeutively increase and decrease at the 
same frequency in respective frequency 
sweeps while simultaneously the phase dis- 
placement between the swe^s is slowly and 
cychcaUy altered, in such a manner that the 
instantaneous frequency difference between 
the transmitted signals has at any instant 
a predetermmed value, and a radio receiver 
tuned to receive both signals and which, by 
causing both signals to beat with one an- 
other to produce a heterodyne frequency 
provides therefrom an indication of the 
difference m the tunes of travel of the two 
sisals and thereby of the position line 

8. A radio navigational system for estab- 
lishing a position line, comprising two radio 
transmitters producing respective radio sig- 
nals each of which over alternate period! 
has a constant frequency different from that 



ner that the instantaneous frequency dif- 
feroice between the transmitted signals has 
at any instant a predetermined value, and 
a radio receiver including two superhetero- 
dyne radio receiving channels each receiv- 70 
mg one of the signals, a mixer causing the 
signals to beat with one another to produce 
a heterodyne frequency, and an mdicator for 
indicating any frequency difference m the 
heterodyne frequency produced in succes- 75 
sive periods, the system operatmg so that 
the number of discrete signals produced by 
the mdicator from a reference instant untfl 
the frequency difference is substantially zero 
provides an indication of the difference m 80 
the tones of travel of the two signals and 
thereby of the position line. 

• ^\ A radio navigational system accord- 
ing to claun 7 in which the indicator is an 
electroacousuc transducer operating in res- 85 
ponse to the heterodyne frequency 

• 10, A radio navigational system acocrd- 
ing to clami 7 or 8 in which: 

(a) the phase displacement is altered by 

^ equal frequency step in each of 90 
the said consent frequency periods; 

(b) at least one of the constant frequen- 
cies alternates between two different 
constant frequencies in successive 
said constant frequency periods such 95 
that in tiiese periods the heterodyne 
frequency alternates between two dif- 
ferent frequencies separated by a fre- 
quency difference equal to the fre- 
quency step in the heterodyne fre- 100 
quency occurring in the other periods 

as a result of (a); and 

(c) the receiver includes a second mdi- 
cator v^hich indicates tiic proportion 

ot the heterodyne frequency step oc- 105 
currmg when tiie frequency ^ffer- 
ence is substantially zero. 

^cfll"!;.^ ^^^^ navigational system for 
establishing a position line, substantially as 
described with reference to and as llul 
trated m Figure 3a of the accompanying 
drawmgs or as modified by Figures 33 and 

5^^. ^ J^^^ navigational sys- 
claimed in Qaim 1, a navigational 115 
instrument compnsmg two radio rlceivine 
channels, tuned to receive the respective basic 
frequencies together with their increased 
frequencies a mixer for causing signals from 
the channels to beat with one another to 120 
produce a heterodyne frequency, and an 
^v^T^'i ^'''''^^^ an indication of the 



110 



--"^'^""\"'^4"c="^y oinereni irom that maicaior tor providing an indicatin 

a frequency which value of the heterodjie frSuSv 
^2^!'^^^^^'''^'^'^' ^'^^ decreas^ in a 13. In or for a ^dio Sllon^ svs 

respective frequency sweep extending over ^'^"^ -loi^^j ^""'Sauonai sys- 



several of the periods, the frequencies of 
increase and decrease being the same for 
the two signals, while simultaneously the 
phase displacement between the sweeps is 
slowly and cyclically altered in such a man- 



, r* ^^r*. « u<ivii$auonai sys- 

tem as claimed m any of Qaims 1 to 11 125 
a navigational instrument comprising two 
superheterodyne radio receiving chMuels 
an adjustable delay arrangement for adjust^ 
ably delaymg the signal from one of the 
channels, a mixer for causing the signal from 130 
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the delay arrangement and from the other 
channel to beat with one anodier to produce 
a heterodyne frequency* and an indicating 
arrangement having a first indicator for indi- 
5 eating whether the heterodyne frequency re- 
mains constant and a second indicator con- 
trolled by the delay arrangement for pro- 
viding an indication of the delay when the 
heterodyne firequency remains constant. 
10 14. A navigational instrument according 
to claim 13 in which the first indicator is an 
electroacoustic transducer operating in res- 
ponse to the heterodyne frequency. 

15. A navigational instrument according 
15 to claim 13 or 14 in which the adjustable 

delay arrangement includes an ultrasonic 
delay line. 

16. In or for a radio navigational sys- 
tem as claimed in any of claims 1 to 11, 

20 a navigational instrument substantially as 
described with reference to and as illus- 
trated in Figure 2a of the accompanying 
drawings. 

17. In or for a radio navigational sys- 
25 tern as claimed in any of claims 1 to 11, 

a navigational instrument comprising two 
superheterodyne radio receiving channels, a 
mixer for causing the signals from the 



channels to beat with one another to pro- 
duce a heterodyne frequency, and an indi- 30 
cator for indicating any frequency change 
in the heterodyne frequency. 

18. A navigational instrument accord- 
ing to claim 17 in which the indicator is 

an electroacoustic transducer. 35 

19. A navigational instrument accord- 
ing to claim 17 or 18 including a second 
indicator capable of indicating smaller fre- 
quency changes in the heterodyne frequency 
than the first indicator. 40 

20. A navigational instrument according 
to claim 19 in which the second indicator is 
a meter. 

21. Li or for a radio navigational sys- 
tem, as claimed in any of claims 1 to 11. 45 
a navigational instrument substantially as 
described with reference to and as illus- 
trated in Figures 2a and 2b, or Figure 3b 

or Figure 3c of the accompanying draw- 
ings. 50 

For the Applicants: 
KILBURN & STRODE. 
Chartered Patent Agents. 
London. W-C2. 
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